Introduction {#Sec1}
============

Gout is a prototypic of crystal-induced arthropathy caused by monosodium urate (MSU) crystal precipitation in joints. Although the precise mechanism of disease pathogenesis remains unclear, hyperuricemia is a prerequisite of gout development. In addition, the inflammasome, intracellular machinery related to innate immunity, plays an important role in producing IL-1β, which is the critical cytokine for MSU-induced gout inflammation \[[@CR1]\]. The history of gout spans thousands of years, and it was historically referred to as a king's disease because its development is closely associated with the consumption of large amounts of fatty foods and alcohol, as well as obesity. Indeed, several studies reported a close relationship between fat accumulation and gout/hyperuricemia \[[@CR2]-[@CR6]\]. Furthermore, gout patients are not only obese but also commonly have obesity-associated comorbidities such as high blood pressure, hypertriglyceridemia, or impaired fasting glucose, which together comprise metabolic syndrome \[[@CR7]\]. In line with this, the prevalence of metabolic syndrome is higher in gout patients compared with the general population \[[@CR8]-[@CR14]\].

These observations suggest that obesity is a strong risk factor for the development of gout. However, in Korea, there are a substantial number of non-obese gout patients (body mass index (BMI) \<25 kg/m^2^). It was suggested that the accumulation of visceral fat rather than subcutaneous fat is associated with metabolic abnormalities and hyperuricemia in patients with gout \[[@CR4]\]; therefore, we hypothesized that visceral fat accumulation was increased in non-obese gout patients and that this resulted in metabolic derangements that caused these individuals to be more prone to gout. In the present study, we investigated the association between visceral fat obesity and the development of gout, focusing particularly on a non-obese population, and characterized metabolic syndrome-related parameters in obese and non-obese subgroups of gout patients.

Methods {#Sec2}
=======

Study population {#Sec3}
----------------

One hundred and three patients who were diagnosed with gout according to the 1977 American College of Rheumatology preliminary criteria for gout \[[@CR15]\] were recruited between March 2009 and Dec 2013 at Seoul St Mary's hospital, Seoul, Korea. Two hundred and four age-matched healthy individuals who attended routine health check-up examinations during the same period were included as controls. Retrospective medical chart reviews were performed to obtain clinical and laboratory data; thereby, no consent was needed from the study population. The Institutional Review Board of the School of Medicine, Catholic University, approved the study protocol.

Clinical information and laboratory analysis {#Sec4}
--------------------------------------------

The clinical information was obtained from electronic medical records of all patients, including medical history, the use of medications, and laboratory data. Anthropometric variables (height and weight) were measured when subjects were in the standing position. BMI was calculated as weight in kg divided by the square of height in meters (kg/m^2^). Blood pressure was measured in the sitting position (in mmHg). The visceral fat area (VFA) was determined using the bioelectrical impedance analysis (BIA) method with Inbody 720 (Biospace, Seoul, Korea) according to the manufacturer's instructions. Fasting venous blood samples were taken to measure the serum levels of total cholesterol, high-density lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL) cholesterol, triglycerides, glucose, and uric acid.

Definitions {#Sec5}
-----------

General obesity was defined as a BMI \>25 kg/m^2^ because the study population was Asian. Visceral fat obesity (VFO) was defined as a VFA \>100 cm^2^ according to a previous report \[[@CR5]\]. The presence of metabolic syndrome was defined according to the modified ATP (Adult Treatment Panel) III criteria, in which the waist circumference criterion was adjusted to ≥90 cm in males and ≥80 cm in females according to the World Health Organization (WHO) Asia-Pacific obesity criteria (APC) \[[@CR16]\]. All other components were the same as in the ATP III criteria \[[@CR17]\], where the presence of metabolic syndrome was defined as having at least three of the following five parameters: a waist circumference \>102 cm for males or \>88 cm for females, serum triglyceride levels ≥150 mg/dL, serum HDL cholesterol levels \<40 mg/dL for males or \<50 mg/dL for females, systolic blood pressure ≥130 mmHg or diastolic blood pressure ≥85 mmHg, and fasting blood glucose ≥110 mg/dL.

Statistics {#Sec6}
----------

Statistical analyses were performed using the SAS software, version 9.0 (SAS, Cary, NC, USA), and data are presented as mean ± standard deviation or median (interquartile range). Data were compared using the Student's *t*-test or the Mann-Whitney *U*-test for continuous variables, and the Chi-square test for categorical variables. Spearman's correlation coefficient was calculated for correlation analysis. Multivariate logistic regression analysis was used to identify independent risk factors for the development of gout, and the results are presented as odds ratio (OR) with 95% CI. A value of *P* \<0.05 was used to indicate statistical significance.

Results {#Sec7}
=======

Clinical and laboratory characteristics of the subjects {#Sec8}
-------------------------------------------------------

A total of 104 gout patients and 203 age-matched healthy controls were recruited. Table [1](#Tab1){ref-type="table"} shows the clinical and laboratory characteristics of the subjects. All the subjects were male, and the mean age was comparable between groups (51.0 (16) years for gout patients versus 51.0 (14) years for healthy controls). Among 104 gout patients, 72 were taking a urate-lowering agent at the time of body composition analysis; 28 patients were taking anti-hypertensive medication, and 11 were on a glucose-lowering agent due to diabetes mellitus, and 39 patients were taking a lipid-lowering agent such as statins or omega-3 fatty acids. Gout patients had a significantly higher mean BMI (25.8 (4.6) versus 23.5 (3.1) kg/m^2^, *P* \<0.001), VFA, waist/hip circumference, total fat mass and percent mass, blood pressure, serum uric acid levels, serum triglycerides, and glucose levels. In particular, the frequency of VFO was higher in gout patients (71.8 versus 41.2%, *P* \<0.001). There were no differences in the serum level of total cholesterol or LDL cholesterol between the two groups.Table 1**Clinical and laboratory characteristics of the subjectsGoutHealthy*P*(n = 103)(n = 204)**Age, years51.0 (16)51.0 (14)0.944\*Body mass index, kg/m^2^25.8 (4.6)23.5 (3.1)\<0.001\*Visceral fat area, cm^2^115.6 ± 25.397.7 ± 20.2\<0.001Visceral fat obesity, VFA ≥100 cm^2^74 (71.8%)84 (41.2%)\<0.001Waist circumference, cm91.2 ± 9.782.3 ± 7.5\<0.001Hip circumference, cm99.2 ± 7.494.0 ± 4.5\<0.001Total fat mass, kg20.1 (10.3)14.9 (5.4)\<0.001\*Total fat percentage, %25.6 ± 5.721.7 ± 4.4\<0.001Systolic blood pressure, mmHg125.0 ± 13.8118.5 ± 12.1\<0.001Diastolic blood pressure, mmHg80.4 ± 11.175.7 ± 9.90.001Uric acid, mg/dL7.9 ± 1.96.4 ± 6.00.001Total cholesterol, mg/dL191.2 ± 37.0192.0 ± 27.20.857Triglyceride, mg/dL155.0 (118)82.0 (52.0)\<0.001\*High-density lipoprotein, mg/dL44.0 (15.0)51.0 (15.0)\<0.001\*Low-density lipoprotein, mg/dL114.3 ± 32.5119.1 ± 25.50.159Glucose, mg/dL96.4 (16.0)89.0 (10.0)\<0.001\*\*Non-parametric Mann-Whitney *U*-test was used.mean ± standard deviation or median (interquartile range).

Visceral fat obesity is an independent risk factor for the development of gout {#Sec9}
------------------------------------------------------------------------------

VFA was correlated positively with age (Spearman's rho: 0.426, *P* \<0.001) and other metabolic syndrome-associated factors including waist circumference (Spearman's rho: 0.799, *P* \<0.001), serum fasting glucose levels (Spearman's rho: 0.324, *P* \<0.001) and triglycerides (Spearman's rho: 0.274, *P* \<0.001) (Figure [1](#Fig1){ref-type="fig"}), suggesting that VFA reflects metabolic factors accurately. Furthermore, because we observed that the frequency of VFO was significantly higher in gout patients compared with controls, we next investigated whether VFO was an independent risk factor for gout. Multivariate logistic regression analysis of variables including age, the presence of obesity (BMI ≥25 versus BMI \<25 kg/m^2^), the presence of hypertriglyceridemia (≥150 mg/dL versus \<150 mg/dL), and the presence of VFO revealed that VFO was an independent risk factor for gout development (OR 2.488, 95% CI 1.041, 4.435) (Table [2](#Tab2){ref-type="table"}). Obesity was also an independent risk factor, consistent with previous reports that reported a close association between obesity and gout \[[@CR18],[@CR19]\].Figure 1**Correlation between visceral fat area (VFA) and metabolic syndrome-related parameters.** Spearman's correlation between visceral fat area and age, serum glucose level, waist circumference, and serum triglyceride level.Table 2**Multivariate logistic regression analysis for the development of goutβStandard errorOdds ratio95% CI**Age-0.0090.0160.9910.961, 1.022Body mass index ≥25 kg/m^2^0.9110.7732.4881.298, 4.770Visceral fat area ≥100 cm^2^0.7650.372.1491.041, 4.435Triglyceride ≥150 mg/dL2.0070.327.4423.972, 13.943

Metabolic derangements in non-obese gout patients {#Sec10}
-------------------------------------------------

Subgroup analyses were performed to investigate whether metabolic derangements were present in both obese and non-obese gout patients. A total of 38 of the 104 gout patients (36.5%) had BMI \<25 kg/m^2^, and their clinical and laboratory characteristics were compared with those of non-obese healthy controls (n = 150/203, 69.0%) (Table [3](#Tab3){ref-type="table"}). Although BMI was comparable between groups (23.4 (2.0) kg/m^2^ for gout patients versus 22.7 (2.4) kg/m^2^ for healthy controls, *P* = 0.127), VFA (98.7 ± 19.3 versus 91.0 ± 16.7 cm^2^, *P* = 0.016) and the frequency of VFO (47.4 versus 27.3%, *P* = 0.017) were higher in gout patients. Non-obese gout patients also had significantly higher serum triglyceride (127.0 (94.0) versus 81.0 (52.0) mg/dL, *P* \<0.001) and glucose (97.3 ± 13.0 versus 89.0 ± 6.8 mg/dL, *P* \<0.001) levels compared with non-obese normal individuals. Of note, total fat mass (14.3 (4.5) versus 13.5 (4.1) kg, *P* = 0.271) and the total fat percentage (21.1 ± 4.7 versus 20.4 ± 3.8%, *P* = 0.295) were not different between the two subgroups. Collectively, these results suggest that metabolic derangements occur in non-obese gout patients, and that visceral fat accumulation rather than the amount of total fat is associated with this phenomenon.Table 3**Clinical and laboratory characteristics of the non-obese subjects (BMI \<25 kg/m** ^**2**^ **)GoutHealthy*P*(n = 38)(n = 150)**Age, years52.6 ± 9.749.2 ± 10.80.06Body mass index, kg/m^2^23.4 (2.0)22.7 (2.4)0.127\*Visceral fat area, cm^2^98.7 ± 19.391.0 ± 16.70.016Visceral fat obesity, VFA ≥100 cm^2^18 (47.4%)41 (27.3%)0.017Waist circumference, cm84.7 (6.8)79.7 (8.5)0.001\*Hip circumference, cm92.9 ± 4.992.4 ± 3.70.403Total fat mass, kg14.3 (4.5)13.5 (4.1)0.271\*Total fat percentage, %21.1 ± 4.720.4 ± 3.80.295Systolic blood pressure, mmHg122.5 ± 13.9117.5 ± 13.10.049Diastolic blood pressure, mmHg80.0 (14.5)74.0 (15.0)0.070\*Uric acid, mg/dL7.9 (1.3)6.0 (1.3)\<0.001\*Total cholesterol, mg/dL193.1 ± 33.8190.5 ± 27.50.746Triglyceride, mg/dL127.0 (94.0)81.0 (52.0)\<0.001\*High-density lipoprotein, mg/dL46.5 (16.0)51.0 (15.0)0.008\*Low-density lipoprotein, mg/dL114.5 (37.0)115.0 (37.0)0.919\*Glucose, mg/dL97.3 ± 13.089.0 ± 6.8\<0.001\*Non-parametric Mann-Whitney *U*-test was used.mean ± standard deviation or median (interquartile range).

Prevalence of metabolic syndrome and the fulfillment of related parameters {#Sec11}
--------------------------------------------------------------------------

The prevalence of metabolic syndrome in gout patients was 31.7% (33/104) according to the modified ATP III criteria. Table [4](#Tab4){ref-type="table"} shows which components of metabolic syndrome were present in the current study subjects. In non-obese subgroup analyses, the prevalence of metabolic syndrome was 13.2%. Interestingly, only one patient (1/38, 2.6%) had a waist circumference ≥90 cm, whereas the frequency of VFO was 47.4% (18/38). The frequency of hypertriglyceridemia, elevated blood pressure, and impaired fasting glucose was significantly higher in gout patients.Table 4**Prevalence of the fulfillment of metabolic syndrome-related parametersBody mass index ≥25Body mass index \<25GoutHealthy*P*GoutHealthy*P*(n = 65)(n = 54)(n = 38)(n = 150)**WC ≥90 cm50 (76.9%)24 (44.4%)\<0.0011 (2.6%)5 (3.3%)0.826TG ≥150 mg/dL41 (63.1%)6 (11.1%)\<0.00113 (34.2%)15 (10.0%)\<0.001HDL \<40 mg/dL28 (43.1%)8 (14.8%)0.00110 (26.3%)14 (9.3%)0.011BP ≥130/8531 (47.7%)15 (27.8%)0.02615 (39.5%)26 (17.3%)0.003Glucose ≥110 mg/dL15 (23.1%)0 (0%)\<0.0015 (13.2%)0 (0%)\<0.001modified ATP III28 (43.1%)1 (1.9%)\<0.0015 (13.2%)0 (0%)\<0.001Results are presented as number (%) of patients. BP: blood pressure; HDL: high density lipoprotein; TG: triglyceride; WC: waist circumference.

Discussion {#Sec12}
==========

In the present study, we demonstrated that VFA, measured using BIA, was greater in gout patients compared with healthy controls. VFO was more prevalent in non-obese gout patients compared with non-obese controls. Furthermore, metabolic derangements according to the components of metabolic syndrome were also present in non-obese gout patients.

Consistent with previous studies suggesting that adipose tissue plays an important role in gout \[[@CR4],[@CR9],[@CR12]-[@CR14],[@CR20]\], the current data also demonstrated that obesity is an independent risk factor for gout. In particular, the accumulation of visceral fat was detrimental, even in patients without general obesity. Although the precise molecular mechanism behind this phenomenon remains unclear, the contribution of fat accumulation to the development of gout has two possible explanations. First is the traditional correlation between fat accumulation and hyperuricemia. It has been reported that fat affects uric acid metabolism and results in increased serum uric acid levels \[[@CR2],[@CR3],[@CR20],[@CR21]\]. However, we did not identify any associations between the fat accumulation and serum uric acid levels. This discrepancy might be because most of the patients were taking uric acid-lowering agents as well as the relatively small sample size of the study. The second explanation is that the production of adipokines by fat tissue, such as IL-6 and tumor necrosis factor-α, enhances obesity-induced inflammation \[[@CR22]\]. Importantly, these adipokines that promote inflammation are mainly produced by visceral rather than subcutaneous fat \[[@CR23]\]. On the contrary, the level of adiponectin, an anti-inflammatory adipokine, is lower in individuals with VFO \[[@CR24]\]. This adipokine profile supports the emphasis on VFO in the current study.

Recent studies suggested another possible explanation involving activation of the NLRP3 inflammasome and obesity-induced inflammation \[[@CR15]\]. Triglycerides, the level of which was highly associated with VFO, are the source of fatty acids that stimulate toll-like receptor (TLR)-2 and can subsequently activate the inflammasome, which plays a central role in acute gout attacks \[[@CR25]\]. In turn, the inflammasome enhances fat accumulation \[[@CR26]\]. This suggests that this vicious cycle might be present in gout patients in whom the inflammasome is activated, although future studies are needed to confirm this hypothesis.

The current study demonstrated that VFO was more prevalent in non-obese gout patients with BMI \<25 kg/m^2^ compared with non-obese control subjects. Importantly, there was no difference in total fat mass or total fat percentage between gout patients and controls. Therefore, these data suggest that visceral obesity, regardless of general obesity, contributes to the pathogenesis of gout. In addition, non-obese gout patients had hypertriglyceridemia and were pre-hypertensive more frequently than healthy controls. Because the waist circumference of most individuals did not exceed 90 cm, while \>25% of individuals exhibited VFO, visceral fat accumulation appears to represent central obesity and metabolic abnormality more accurately in this population. As the BIA method is a safer and more convenient method for measuring VFA compared with traditional computed tomography (CT), it might be helpful for assessing and monitoring visceral fat accumulation in gout patients.

One interesting question is whether the presence of VFO affects the clinical manifestation of gout. For example, Gheita *et al*. demonstrated that bone erosion was more prevalent in gout patients with metabolic syndrome compared with those without metabolic syndrome \[[@CR27]\]. However, there were no differences in the frequency of bone erosion at the affected joints in individuals with and without VFO in the current study (data not shown).

We verified that the prevalence of metabolic syndrome was higher in gout patients, which was consistent with previous studies \[[@CR8],[@CR10],[@CR12]-[@CR14]\]. The proinflammatory trait of the patients with metabolic syndrome suggested by Zhao *et al*. \[[@CR28]\] who demonstrated that the level of highly sensitive C-reactive protein, an acute phase reactant, was higher in individuals with metabolic syndrome may contribute to gouty inflammation. Importantly, the current data revealed that a number of non-obese gout patients fulfilled the criteria for metabolic syndrome, albeit to a lesser extent than did obese patients. As mentioned above, most of these patients had a waist circumference \<90 cm. Therefore, other components of metabolic syndrome are likely to be associated with VFO.

The current study has several limitations. First, measuring visceral fat using BIA might not be the gold-standard method. However, the device we used in this study was validated in comparisons with CT scans \[[@CR29]\] and the accuracy of the BIA method is well-established \[[@CR30]-[@CR32]\]. Second, this is a retrospective study based on the review of medical charts, and had a relatively small sample size. However, an important strength of the current study is that we verified that visceral fat accumulation was present and represented metabolic abnormalities in non-obese gout patients. Therefore, this suggests that assessing and monitoring VFO might be required.

Conclusions {#Sec13}
===========

VFO, as measured using BIA, was observed more frequently in both obese and non-obese patients with primary gout compared with healthy controls. VFA was correlated positively with components of metabolic syndrome. Therefore, VFO might more properly represent metabolic derangements in patients with gout than general obesity. Future studies addressing whether the risk of gout can be reduced by monitoring and losing visceral fat will be promising.

APC

:   Asia-pacific obesity criteria

ATP

:   Adult Treatment Panel

BIA

:   bioelectrical impedance analysis

BMI

:   body mass index

HDL

:   high-density lipoprotein

IL

:   interleukin

LDL

:   low-density lipoprotein

MSU

:   monosodium urate

OR

:   odds ratio

TLR

:   Toll-like receptor

VFA

:   visceral fat area

VFO

:   visceral fat obesity

**Competing interests**

The authors declare that they have no competing interests.

**Authors' contributions**

JL contributed to the study design, data collection, data interpretation, and coordination of the study, and drafted the manuscript. JYL, JHL, SMJ, YSS, JHK, SKK, JHJ, and KSP contributed to data interpretation and analysis of the study. SHP contributed to study design, data interpretation, and analysis of the study. All authors contributed to discussions of the article content and review or editing of the manuscript before submission. All authors read and approved the manuscript.

This research was supported by Basic Science Research Program through the National Research Foundation of Korea (NRF) funded by the Ministry of Education, Science and Technology (NRF-2013R1A2A2A01007720).
